Objectives: To identify risk factors for ciprofloxacin resistance in both travel-related and domestically acquired Campylobacter infection. Results: Foreign travel was the major risk factor for ciprofloxacin-resistant infection [adjusted odds ratio (adjOR) 24.0, 95% confidence interval (95% CI) 12.6-45.9]. Among travellers, case patients were five times more likely to drink still bottled water (adjOR 4.7, 95% CI 1.0 -21.7), whilst among nontravellers, case patients were three times more likely to drink sparkling bottled water (adjOR 3.3, 95% CI 1.5 -7.4). There was no increased risk associated with eating poultry or prior quinolone use.
Introduction
Campylobacter is the most common cause of bacterial gastroenteritis in the UK, with around 60 000 cases reported each year. Infection usually causes a mild, self-limiting illness, but serious sequelae including Guillain -Barré syndrome and death occur in around 1 in 1000 and 1 in 20 000 infections, respectively. 1 When antibiotic treatment is needed, the drug of choice is usually erythromycin, though ciprofloxacin is often prescribed empirically for diarrhoeal illness because of its efficacy against a range of enteric bacteria. 1 The emergence of quinolone-resistant Campylobacter has become an important public health problem worldwide. 2 Poultry is a major source of Campylobacter infection in humans, and a causal relationship between quinolone use in food animals and increasing quinolone-resistant infections in humans has been proposed. 2, 3 Evidence for this hypothesis is accumulating but is not always consistent, and it remains uncertain whether emergence of quinolone resistance is due to quinolone use in farming or in humans. 4 We report a case -comparison study to identify risk factors for ciprofloxacin-resistant Campylobacter infection.
Patients and methods
The study was conducted between April 2003 and September 2004. Patients were recruited through the Welsh laboratory surveillance scheme. Campylobacter isolates were tested for antimicrobial resistance using standardized disc diffusion methods recommended by BSAC guidelines, which also define MIC breakpoint equivalents. 5 Quinolone resistance is assessed using nalidixic acid test discs, since isolates with even low-level resistance typically give no zone of inhibition to this. Isolates were classified as ciprofloxacin-resistant (zone diameter, 17 mm; MIC, 4 mg/L) or ciprofloxacinsusceptible (zone diameter, 18 mm; MIC, 2 mg/L). To avoid any bias from selective testing, we recruited patients only from laboratories that routinely tested all Campylobacter isolates for ciprofloxacin resistance. Case patients were defined as patients whose faecal specimen yielded a ciprofloxacin-resistant Campylobacter isolate.
Comparison patients were selected at random from patients with a ciprofloxacin-susceptible Campylobacter isolate. The study was unmatched.
A research nurse interviewed all participants, by telephone, using a structured questionnaire. Both nurse and patient were blinded to case status. Patients were asked about potential risk factors for ciprofloxacin resistance including: antibiotic use in the month before illness; foreign travel, food history and animal contact in the 7 days before illness; and any history of diarrhoea or antibiotic use in household contacts. Patients were classified as having travel-related infection or domestically acquired infection according to their travel history. The study was approved by the South West Multi-centre Research Ethics Committee (MREC 02/6/62).
We tested the null hypothesis that there was no difference between case and comparison patients in exposure to several variables, particularly previously identified risk factors including foreign travel, recent ciprofloxacin use, eating poultry or pre-cooked cold meats and drinking bottled water. The study aimed to achieve 90% power to detect an odds ratio (OR) of 2.5 assuming a 10% exposure frequency and 0.05 significance level. This required a sample size of 150 case patients and 300 comparison patients. We adjusted for confounding variables using logistic regression models constructed with Stata software (version 10, Stata Corporation, TX, USA). Variables with P , 0.1 in univariate analysis were included initially, and backwards step-wise exclusion was used to achieve the final model. To control for the confounding effect of foreign travel, restricted subanalyses were carried out separately for travellers and non-travellers.
Results
Overall, 1790 patients were reported to the study, of whom 737 (41%) consented and 556 (31%) were enrolled, comprising 145 ciprofloxacin-resistant case patients and 411 ciprofloxacinsusceptible comparison patients. Study participants were more likely than non-participants to be female (z value 3.8, P , 0.001), with a particular shortfall in recruitment of adult males aged 18 -44 years. No patients were connected epidemiologically as part of a recognized outbreak.
The median age of case patients was 53.0 years and that of comparison patients was 49.0 years (Kruskal-Wallis H 4.7, P¼0.03). There was no sex difference, but case patients were more likely to be employed, less likely to be students and less likely to live with a young child (,5 years) ( Table 1) . Case patients were also more likely than comparison patients to have eaten lamb, drunk bottled water or reported contact with zoo animals. However, the most striking association was with travel abroad in the 7 days before illness [adjusted OR (adjOR) 24.0, 95% confidence interval (95% CI) 12.6-45.9] and with drinking sparkling bottled water (adjOR 3.3, 95% CI 1.5-7.2), both of which were retained in the final model. Case patients were no more likely to have taken antibiotics in the month before illness (OR 0.8, 95% CI 0.3-1.9) or to have a household member who had taken antibiotics. No patients reported prior treatment with quinolones. Ninety-eight (18%) patients had travelled abroad (74 case patients and 24 comparison patients). Case patients did not differ significantly from comparison patients in terms of age, sex or type of employment. Univariate risk factors included travel to Spain (versus other countries), drinking still bottled water and eating eggs, but the only factor that remained significant in multivariate analysis was drinking still bottled water (Table 2) . Ninety-six patients provided data on travel duration. The risk of ciprofloxacin-resistant infection did not increase with length of stay, even after adjusting for age and sex (data not shown).
There were 458 (82%) non-travellers (71 case patients and 387 comparison patients). Case patients did not differ significantly from comparison patients in terms of age, sex or type of employment. The only risk factor for ciprofloxacin-resistant infection in non-travellers was drinking sparkling bottled water, and this was retained in the multivariate model ( Table 2 ).
Discussion
Our study identified two risk factors for ciprofloxacin-resistant Campylobacter infection: recent foreign travel and drinking bottled water, but no association with eating poultry or with prior antibiotic use. The study has several limitations. Campylobacter isolates are not routinely speciated in Wales, so we cannot distinguish between infection due to Campylobacter jejuni and Campylobacter coli. Data may also be affected by response bias since young, adult males were under-represented and this may, for example, underestimate risks associated with foreign travel. Finally, the subanalyses of travellers and nontravellers should be interpreted with some caution because of the small number of comparison patients.
Foreign travel has been consistently identified as a risk factor for quinolone-resistant Campylobacter infection. 6 -8 In the UK, one large study found that 54% of patients with ciprofloxacinresistant Campylobacter had travelled abroad compared with only 11% of those with a susceptible strain. 8 However, few studies have specifically investigated the source of travel-related infections. Our study suggests a possible association with drinking still bottled water even after controlling for confounding factors such as age and employment status. Interestingly, the UK study also found ciprofloxacin-resistant Campylobacter infection in travellers to be associated with drinking bottled water and with eating chicken. 8 The possible link with bottled water is intriguing. C. jejuni have been shown to survive for extended periods in bottled water, especially in the dark, at low temperature, in water of high mineral content or in the presence of organic matter. 9 Bottled water is not chemically treated and could become contaminated accidentally at the source or during bottling, or deliberately by subsequent tampering or refilling of bottles. It is not clear why bottled water should be a risk factor specifically for ciprofloxacinresistant Campylobacter infection unless resistant strains have a greater propensity than susceptible strains for survival in bottled water, because of either strain origin or genetic factors. C. jejuni isolates from poultry, for example, have been shown to be capable of especially prolonged survival in drinking water.
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The United States FoodNet study found that patients with quinolone-resistant Campylobacter were more likely than healthy controls to have eaten poultry outside the home, 7 but this finding has not been replicated in other countries. In the UK, indigenous cases of ciprofloxacin-resistant infection were more likely to report eating pre-cooked cold meats, but not chicken. 8 Our data, likewise, show no association with poultry. There are several possible explanations for this. One limitation of case -comparison studies, such as ours, is that they will not identify risk factors that are common to both groups. Uniquely, the FoodNet study used healthy controls for comparison rather than patients with quinolone-susceptible infection. 7 Alternatively, risk factors for quinolone-resistant Campylobacter infection may genuinely differ between countries due to dissimilar levels of quinolone use in food animals, because of differences in veterinary licensing or agricultural practices. 2 Quinolone-resistant infections could also result from quinolone use in humans rather than food animals. However, only one epidemiological study has found an association with prior quinolone use, 6 and this observation has not been substantiated in subsequent studies that specifically investigated this hypothesis. 7 Our study asked about antibiotic use in the month before illness, but no patients had used quinolones. This finding supports the view that human quinolone usage is not the major selective force for quinolone resistance in human Campylobacter infections.
In conclusion, foreign travel remains the most important risk factor for ciprofloxacin-resistant Campylobacter infection, but the source is unclear. Some studies have implicated poultry and, in countries with less restrictive policies on veterinary antibiotic use, this may be an important source of infection. Our study suggests that poultry is not a source of ciprofloxacin-resistant Campylobacter infection acquired in the UK, nor did we find any evidence to implicate cold pre-cooked meats. The possible association of ciprofloxacin-resistant Campylobacter infection with bottled water merits further investigation.
